In simple one-good international macro models, the presence of non-diversifiable labor income risk means that country portfolios should be heavily biased toward foreign assets. The fact that the opposite pattern of diversification is observed empirically constitutes the international diversification puzzle. We embed a portfolio choice decision in a frictionless two-country, two-good version of the stochastic growth model. In this environment, which is a workhorse for international business cycle research, we derive a closed-form expression for equilibrium country portfolios. These are biased towards domestic assets, as in the data. Home bias arises because endogenous international relative price fluctuations make domestic stocks a good hedge against non-diversifiable labor income risk. We then use our theory to link openness to trade to the level of diversification, and find that it offers a quantitatively compelling account for the patterns of international diversification observed across developed economies in recent years. * We thank Sebnem Kalemli-Ozcan, Nobu Kiyotaki and Eric Van Wincoop for thoughtful discussions, and seminar participants at the Board of Governors,
Introduction
Although there has been rapid growth in international portfolio diversification in recent years, portfolios remain heavily biased towards domestic assets. For example, foreign assets accounted, on average, for only around 25% of the total value of the assets owned by U.S. residents over the period [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . There is a large theoretical literature that explores whether observed low diversification should be interpreted as evidence of incomplete insurance against country-specific risk (see, for example, Baxter and Jermann, 1997, and Lewis, 1999) . These papers share a common conclusion: relative to the prediction of frictionless models, too little diversification is observed in the data. In response, recent theoretical work on diversification has focused on introducing frictions that can rationalize observed portfolios. The set of candidate frictions is long and includes proportional or fixed costs on foreign equity holdings (Lewis, 1996 In this paper, we take a different approach. We develop a frictionless model in which perfect risk sharing is in fact wholly consistent with relatively low levels of international diversification. We argue that previous theoretical benchmarks delivered the wrong answers because the models were too simple to capture the key diversification motives associated with country-specific business cycle risks. Our environment is the two-country extension of the stochastic growth model developed by Kydland (1992 and 1995, henceforth BKK) , which is a workhorse model for quantitative international macroeconomics. While BKK allow for a complete set of Arrow securities to be traded between countries, we instead follow the tradition in the international diversification literature and assume that households only trade shares in domestic and foreign firms. BKK and others have shown that the international stochastic growth model is broadly consistent with a large set of international business cycle facts. We show that the same model rationalizes observed levels of international diversification. Since our model is frictionless, this finding casts doubt on the quantitative role of frictions in understanding observed portfolios.
One contribution of our paper is to show that given particular assumptions on preferences and 1 technologies, equilibrium portfolio choices can be characterized analytically. 1 In this case, the equilibrium portfolio choice depends on only two parameters: (i) the relative preference in consumption for domestically-produced versus imported goods, and (ii) capital's share in production. When these parameters are set to the values used by BKK, our expression implies portfolios comprising 80% domestic stocks and 20% foreign stocks. Moreover, this portfolio perfectly insures consumers against country-specific productivity shocks. We conclude that observed low levels of diversification should not be interpreted as indicating a low degree of international risk sharing.
To better understand the predictions of our model for portfolio choice we compare and contrast our economy to those considered by Lucas (1982) , Baxter and Jermann (1997) , and Cole and Obstfeld (1991) . Lucas (1982) points out that in a symmetric one-good two-country model, perfect risk pooling involves agents of each country owning half the claims to the home endowment and half the claims to the foreign endowment. Baxter and Jermann (1997) extend Lucas' model in one direction by introducing production while retaining the single-good assumption. They show that if returns to capital and labor are highly correlated within a country, then agents can compensate for non-diversifiable labor income risk by aggressively diversifying asset holdings. In their examples, fully diversified portfolios typically involve substantial short positions in domestic assets. Cole and Obstfeld (1991) extend Lucas' analysis in a different direction. They retain the focus on an endowment economy, but assume that the two countries receive endowments of different goods that are imperfect substitutes. These goods are then traded, and agents consume bundles comprising both goods. They show that changes in relative endowments induce off-setting changes in the terms of trade. When preferences are log-separable between the two goods, the terms of trade responds one-for-one to changes in relative income, effectively delivering perfect risk-sharing.
Thus, in sharp contrast to the results of Lucas or Baxter and Jermann, any level of diversification is consistent with complete risk-pooling, including portfolio autarky. 2 One important difference in our analysis relative to Baxter and Jermann (1997) is that we allow for imperfect substitutability between domestic and foreign-produced traded goods, following Cole and Obstfeld (1991) . Thus, in our model, changes in international relative prices provide some insurance against country-specific shocks and, in the flavor of the Cole and Obstfeld indetermi- 1 The assumptions required to derive an analytical expression for the portfolio choice are (i) preferences are separable between consumption and leisure and logarithmic in consumption, and (ii) all production technologies are Cobb-Douglas, which implies a unitary elasticity of substitution between traded goods.
2 Kollmann (2006) considers a two-good endowment economy with more general preferences. He finds that equilibrium diversification is sensitive to both the intra-temporal elasticity of substitution between traded goods, and the inter-temporal elasticity of substitution for the aggregate consumption bundle. nacy result, portfolio choice does not have to do all the heavy-lifting when it comes to delivering perfect risk-sharing. In contrast to Cole and Obstfeld, however, the presence of production and particularly investment in our model means that returns to domestic and foreign stocks are not automatically equated, and thus agents face an interesting portfolio choice problem. Home bias arises because relative returns to domestic stocks move inversely with relative labor income in response to productivity shocks. This pattern is due jointly to international relative price movements and to the presence of investment and capital, and it accounts for the difference between the portfolio predictions of our model relative to those of one-good models explored in previous work.
We conduct a sensitivity analysis in which we consider the implications for diversification of varying two key parameters: the elasticity of substitution between domestic and foreign-produced goods, and the inter-temporal elasticity of substitution for the composite consumption good. We show that home bias is a robust prediction of the model for all plausible values for these parameters.
We also extend the model to introduce preference shocks as a second source of risk, and one that induces very different relative price dynamics in response to a shock. Our low equilibrium diversification result also survives here, while the model with both productivity and preference shocks delivers a realistically low unconditional equilibrium correlation between relative consumption and the real exchange rate.
The closed-form expression we derive for equilibrium portfolios makes it straightforward to assess whether the model is useful for understanding variation in international diversification across countries and across time. In particular, the model suggests that differences in diversification across space and time should be related in a non linear fashion to changes in trade openness. We find that this theoretical relationship is both qualitatively and quantitatively consistent with the empirical pattern for a large sample of developed economies over the period 1990-2004. We also find that using a simple relation from the model together with trade data can explain around a third of the cross-country variation in portfolio diversification and about 15% of the variation in diversification across time, suggesting that risk sharing considerations are indeed an economically important factor in understanding the determination and the evolution of country portfolios.
In the next section we describe the model and state our main result. Section 3 offers some intuition for equilibrium portfolios. Section 4 discusses some extensions of the basic model. Section 5 contains the empirical analysis. Section 6 concludes. Proofs, details about numerical methods, and a description of the data are in the Appendix. 3 
The Model
The modeling framework is the one developed by Backus, Kehoe and Kydland (1995) . There are two countries, each of which is populated by the same measure of identical, infinitely-lived households.
Firms in each country use country-specific capital and labor to produce an intermediate good. The intermediate good produced in the domestic country is labeled a, while the good produced in the foreign country is labeled b. These are the only traded goods in the world economy. Intermediategoods-producing firms are subject to country-specific productivity shocks. Within each country the intermediate goods a and b are combined to produce country-specific final consumption and investment goods. The final goods production technologies are asymmetric across countries, in that they are biased towards using a larger fraction of the locally-produced intermediate good. This bias allows the model to replicate empirical measures for the volume of trade relative to GDP.
We assume that the assets that are traded internationally are shares in the domestic and foreign representative intermediate-goods-producing firms. These firms make investment and employment decisions, and distribute any non-reinvested earnings to shareholders.
Preferences and technologies
In each period t the economy experiences one event s t ∈ S. We denote by s t = (s 0 , s 1 , ..., s t ) ∈ S t the history of events from date 0 to date t. The probability at date 0 of any particular history s t is given by π(s t ).
Period utility for a household in the domestic country after history s t is given by 3
where c(s t ) denotes consumption at date t given history s t , and n(s t ) denotes labor supply. Disutility from labor is given by the positive, increasing and convex function V (.). The assumption that utility is log-separable in consumption will play a role in deriving a closed-form expression for equilibrium portfolios in our baseline calibration of the model. In contrast, the equilibrium portfolio in this case will not depend on the particular functional form for V (.).
Households supply labor to domestically located perfectly-competitive intermediate-goods-producing firms. Intermediate goods firms in the domestic country produce good a, while those in the foreign country produce good b. These firms hold the capital in the economy and operate a Cobb-Douglas production technology:
where z(s t ) is an exogenous productivity shock. The vector of shocks [z(s t ), z * (s t )] evolves stochastically. For now, the only assumption we make about this process is that it is symmetric. In the baseline version of the model, productivity shocks are the only source of uncertainty. 
where ω > 0.5 determines the size of the local input bias in the composition of domestically produced final goods.
Note that the Cobb-Douglas assumption implies a unitary elasticity of substitution between domestically-produced goods and imports. The Cobb-Douglas assumption, in conjunction with the assumption that utility is logarithmic in consumption, will allow us to derive a closed-form expression for equilibrium portfolios. Note, however, that a unitary elasticity is within the range of existing estimates: BKK (1995) set this elasticity to 1.5 in their benchmark calibration, while Heathcote and Perri (2002) estimate the elasticity to be 0.9. In a sensitivity analysis we will explore numerically the implications of deviating from the logarithmic utility, unitary elasticity baseline.
We now define two relative prices that will be useful in the subsequent analysis. Let t(s t ) denote the terms of trade, defined as the price of good b relative to good a. Because the law of one price applies to traded intermediate goods, this relative price is the same in both countries:
Let e(s t ) denote the real exchange rate, defined as the price of foreign relative to domestic consumption. By the law of one price, e(s t ) can be expressed as the foreign price of good a (or good b) 5 relative to foreign consumption divided by the domestic price of good a (or b) relative to domestic consumption:
Households' problem
The budget constraint for the domestic household is given by 
We assume that at the start of period 0, the domestic (foreign) household owns the entire domestic (foreign) firm: thus λ H (s −1 ) = 1, λ F (s −1 ) = 0, λ * F (s −1 ) = 1 and λ * H (s −1 ) = 0. At date 0, domestic households choose λ H (s t ), λ F (s t ), c(s t ) ≥ 0 and n(s t ) ∈ [0, 1] for all s t and for all t ≥ 0 to maximize
subject to (6) and a no Ponzi game condition.
The domestic households' first-order condition for domestic and foreign stock purchases are, 6 respectively,
where we use U c (s t ) for ∂U (c(s
and (s t , s t+1 ) denotes the t + 1 length history s t followed by
The domestic household's first-order condition for hours is
Analogously, the foreign households' first-order condition for domestic and foreign stock purchases and hours are, respectively,
Intermediate firms' problem
The domestic intermediate-goods firm's maximization problem is to choose k(s t ) ≥ 0, n(s t ) ≥ 0 for all s t and for all t ≥ 0 to maximize
taking as given k(s −1 ), where Q(s t ) is the price the firm uses to value dividends at s t relative to consumption at date 0, and dividends (in units of the final good) are given by
In this expression δ is the depreciation rate for capital. Analogously, foreign firms use prices Q * (s t ) to price dividends in state s t , where foreign dividends are given by
The domestic and foreign firms' first order conditions for n(s t ) and n * (s t ) are
The corresponding first order conditions for k(s t ) and k * (s t ) are
The state-contingent consumption prices Q(s t ) and Q * (s t ) obviously play a role in intermediategoods firms' state-contingent decisions regarding how to divide earnings between investment and dividend payments. We assume that domestic firms use the discount factor of the representative domestic household to price the marginal cost of foregoing current dividends in favor of extra
.
Final goods firms' problem
The final goods firm's static maximization problem in the domestic country after history s t is
The first order conditions for domestic and foreign firms may be written as
Definition of equilibrium
An equilibrium is a set of quantities c(
, productivity shocks z(s t ), z * (s t ) and probabilities π(s t ) for all s t and for all t ≥ 0 which satisfy the following conditions: 
6. The market-clearing conditions for final goods:
7. The market-clearing condition for stocks:
8. The households' budget constraints (equations 6 & 7)
9. The households' first-order conditions for stock purchases (equations 9 & 11)
10. The probabilities π(s t ) are consistent with the stochastic processes for z(s t ), z * (s t )
Equilibrium portfolios
PROPOSITION 1: Suppose that at time zero, productivity is equal to its unconditional mean value in both countries (z(s 0 ) = z * (s 0 ) = 0) and that initial capital is equalized across countries,
Then there is an equilibrium in this economy with the property that portfolios in both countries exhibit a constant level of diversification given by
Moreover, in this equilibrium stock prices are given by
PROOF: See the appendix
We prove this result by showing that these portfolios decentralize the solution to an equalweighted planner's problem in the same environment. In particular, we consider the problem of a planner who seeks to maximize the equally-weighted expected utilities of the domestic and foreign agents, subject only to resource constraints of the form (21) and (22). We then describe a set of candidate prices such that if the conditions that define a solution to the planner's problem are satisfied, then the conditions that define a competitive equilibrium in the stock trade economy are also satisfied when portfolios are given by equation (24).
Intuition for the result
What explains the finding that two stocks are sufficient to effectively complete markets in this economy, and how should we understand the particular expression for the portfolios that deliver perfect risk sharing in equation (24)? We now build intuition for these results from two different perspectives. First, we take a macroeconomic general equilibrium perspective, and combine a set of equilibrium conditions that link differences between domestic and foreign aggregate demand and aggregate supply in this economy. These equations shed light on how changes in relative prices coupled with modest levels of international portfolio diversification allow agents to achieve perfect risk-sharing. We then take a more micro agent-based perspective, and explore how, from a pricetaking individual's point of view, returns to labor and to domestic and foreign stocks co-vary in such a way that agents prefer to bias portfolios towards domestic assets.
Macroeconomic Intuition
We now develop three key equations that are helpful for understanding the macroeconomics of how the equilibrium portfolio choices, defined in equation (24), deliver perfect risk-sharing.
The first equation is the hallmark condition for complete international risk-sharing, relating relative marginal utilities from consumption to the international relative price of consumption.
Since the utility function is log-separable in consumption, this condition is simply
which we can write more compactly as ∆c(s t ) = 0, where ∆c(s t ) denotes the difference between domestic and foreign consumption in units of the domestic final good.
The second key equation uses budget constraints to express the difference between foreign and domestic consumption as a function of relative investment and relative GDP. Assuming constant portfolios, where λ denotes the fraction of the domestic (foreign) firm owned by domestic (foreign)
households, domestic consumption is given by c(sis given by
Note that in the case of complete home bias (λ = 1), the relative value of consumption across countries would simply be the difference between relative output and relative investment. For λ < 1, financial flows mean that some fraction of changes in relative output and investment are financed by foreigners.
Equations (26) and (28) do not depend on the elasticity of substitution between traded goods, and can therefore be applied unchanged to the one-good models that have been the focus of much of the previous work on portfolio diversification (in a one-good model e(s t ) = 1). It is useful to briefly revisit some important results in this existing literature, prior to explaining why the portfolio predictions from the two-good model that is the focus of this paper differ so sharply.
Lucas considers a one-good endowment economy, which we can reinterpret in the context of (28) by setting θ = 1 and ∆x(s t ) = 0 for all s t . In this case it is immediate that perfect risk pooling is achieved when agents hold 50 percent of both domestic and foreign shares in each period, i.e. λ = 0.5. 5 Baxter and Jermann (1997) study a one-good economy with production. They argue that since the Cobb-Douglas technology implies correlated returns to capital and labor, agents can effectively diversify non-diversifiable country-specific labor income risk by aggressively diversifying claims to capital. Assuming firms in both countries target a constant capital stock, in which case ∆x = 0, achieving perfect risk-sharing (∆c = 0) in the context of equation (28) means picking a value for λ such that the coefficient on ∆GDP is zero. The implied value for diversification is 1 − λ = 1/(2θ), which is exactly the portfolio described by equation (2) in Baxter and Jermann. If capital's share θ is set to a third, the value for λ that delivers equal consumption in the two countries is −0.5. Thus, as Baxter and Jermann emphasize, a diversified portfolio involves a negative position in domestic assets. 6 5 Cantor and Mark (1988) extend Lucas' analysis to a simple environment with production. However, they make several assumptions that ensure that their economy inherits the properties of Lucas'. In particular, (i) domestic and foreign agents have the same log-separable preferences over consumption and leisure, (ii) productivity shocks are assumed to be iid through time, (iii) firms must purchase capital and rent labor one period before production takes place, and (iv) there is 100% depreciation. When their two economies are the same size, assumptions (ii) and (iii) ensure that in an efficient allocation capital and labor are always equalized across countries. Thus to deliver perfect risk-sharing, the optimal portfolio choice simply has to ensure an equal division of next period output, which is ensured with Lucas' 50-50 portfolio split. 6 Note that equation (28) suggests that there will always exist a portfolio that delivers perfect risk sharing as
Our model enriches the Baxter and Jermann analysis along two dimensions. First, we explicitly endogenize investment. With stochastic investment, equation (28) indicates that, in general, no constant value for λ will deliver ∆c(s t ) = 0, the perfect risk-sharing condition. Thus, in a onegood model, perfect risk-sharing is not achievable with constant portfolios. However, our second extension relative to Baxter and Jermann is to assume that the two countries produce different traded goods that are imperfect substitutes when it comes to producing the final consumptioninvestment good. As we now explain, the Cobb-Douglas technology we assume for combining these traded goods implies an additional equilibrium linear relationship between ∆y(s t ), ∆(c t ) and ∆x(s t )-our third key equation-such that perfect risk-sharing can be resurrected given appropriate constant portfolios.
From equations (5), (20) and (21), domestic GDP (in units of the final good) is given by
= ωG(smeans that the size of the effect is proportional to the change in demand, where the constant of proportionality is (2ω − 1). When the technologies for producing domestic and foreign final goods are the same (ω = 0.5), changes to relative demand do not impact the relative value of the outputs of goods a and b. When final goods are produced only with good a (ω = 1), an increase in domestic demand translates into an equal-sized increase in the relative price of good a (assuming no supply response). For intermediate values for ω, the stronger the preference for home-produced goods, the larger the impact on the relative value of domestic output.
Note that this equation is independent of preferences and the asset market structure, and follows solely from our Cobb-Douglas assumption, implying a unitary elasticity of substitution between the two traded goods.
We can now combine our three key equations, (26) , (28) and (31) to explore the relationship between portfolio choice, relative price movements, and international risk-sharing. We start by substituting (31) into (28) to express the difference in consumption as a function solely of the difference in investment:
which implies that
where µ is a constant.
There is a unique value for λ such that the right hand side of (33) is always equal to zero. In particular, simple algebra confirms that this value is defined in Proposition 1 (equation 24).
As a first step towards understanding the implications of equation (33) for portfolio choice, we first revisit a result due to Cole and Obstfeld (1991) , who consider a two-country endowment economy. They show that when domestic and foreign agents share the same log-separable preferences for consuming the two goods, then a regime of portfolio autarky (100 percent home bias or λ = 1) delivers the same allocations as a world with a complete set of internationally-traded assets. In the context of our model, considering an endowment economy effectively implies ∆x = 0, in which case equations (28) and (31) become two independent equations in two unknowns, ∆c and ∆y. The only possible solution is ∆c = ∆y = 0. Thus for any choice for λ, including the portfolio autarky value λ = 1 emphasized by Cole and Obstfeld, perfect risk-pooling is achieved. The reason is simply that differences in relative quantities of output are automatically offset one-for-one by differences in the real exchange rate, so y = ey * . Thus movements in the terms of trade provide automatic and perfect insurance against fluctuations in the relative quantities of intermediate goods supplied. 8 In contrast to the Cole and Obstfeld result, only one portfolio delivers perfect risk-pooling in our economy. Furthermore, portfolio autarky is only efficient in the case when there is complete specialization in tastes, so that ω = 1. The reason for these differences relative to their results is that with partial depreciation and persistent productivity shocks, efficient investment will not be either constant or a constant fraction of output; rather, as in a standard growth model, positive persistent productivity shocks will be associated with a surge in investment. Thus dividends are not automatically equated across domestic and foreign stocks, and asset income is sensitive to portfolio choice. Moreover, these investment responses mediate relative price movements, so that relative earnings also fluctuate in response to productivity shocks. Nonetheless, the Cole and
Obstfeld result is useful in that it reminds us that absent changes in relative investment, automatic insurance delivered through changes in the terms of trade would automatically deliver perfect riskpooling. Thus one way to think about the role of portfolio diversification is to ensure that the cost of funding changes in investment is efficiently split between domestic and foreign residents.
We can use equation (33) to understand the effect of an investment shock ∆x(s t ) on relative consumption, ∆c(s t ). Absent any diversification, an increase in ∆x(s t ) would reduce ∆c(s t ) proportionately. For λ < 1 some of the cost of additional domestic investment is paid for by foreign shareholders directly (the first term on the right hand side) or indirectly through changes in relative prices (the second term). The direct foreign financing effect depends on the difference between the fraction of domestic stock held by foreigners relative to domestic agents ((1 − λ) − λ). The indirect effect works as follows: an increase in relative domestic investment increases the relative value of domestic output in proportion to the factor (2ω − 1) (see eq. 31). This captures the fact that an increase in relative demand for domestic final goods has a positive effect on the terms of trade for 8 Cole and Obstfeld also consider a version of the model with production. In this version the two goods may be consumed or used as capital inputs to produce in the next period. Like Cantor and Mark (1988) they assume 100 percent capital depreciation. When production technologies are Cobb-Douglas in the quantities of the two goods allocated for investment, portfolio autarky once again delivers perfect risk-sharing. The reason is that the assumptions of log separable preferences and full depreciation imply that consumption, investment and dividends are all fixed fractions of output, so that ∆x = κ∆GDP . Given this relationship, equations 28 and 31 reduce to two independent equations in two unknowns, ∆c and ∆GDP . Thus total dividend income in any given period is again independent of the portfolio split.
the domestic economy. The fraction of this additional output that accrues as income to domestic shareholders is given by the term (1 − 2(1 − λ)θ) , which in turn amounts to labor's share of income (1 − θ) plus the difference between domestic and foreign shareholder's claims to domestic capital income (λθ − (1 − λ)θ) . The equilibrium value for λ is the one for which the direct effect and the indirect effects exactly offset, so that changes in relative investment have no effect on relative 
Microeconomic intuition
The key to understanding optimal portfolio choice from the perspective of an individual agent is to understand how the returns to domestic and foreign stocks co-vary with non-diversifiable labor income. If returns to domestic stocks co-vary negatively with labor earnings, then domestic stocks will offer a good hedge against labor income risk, and agents will prefer a portfolio biased towards domestic firms. In Section 2.6 we described an equilibrium in which perfect risk sharing is achieved, and in which home bias is in fact observed. This suggests that domestic stock returns do in fact co-vary negatively with labor income. At first sight, this might seem a rather puzzling result, given that the production technology is Cobb-Douglas, suggesting a constant division of output between factors. We now explain how two key features of the BKK environment, durable capital and relative price dynamics, interact to give rise to this negative covariance.
First, recall that perfect risk sharing means equalizing the value of consumption across countries, state by state: c(s t ) = e(s t )c * (s t ).
The difference between the value of domestic and foreign earnings (in units of the domestic final good) is
Thus the relative value of domestic earnings rises in response to an increase in z(s t ) relative to z * (s t ) if and only if the increase in the relative production of good a relative to good b exceeds the increase in the terms of trade (i.e. the price of good b relative to good a). In our economy this condition is satisfied: thus a positive domestic productivity shock is good news for domestic workers.
Now to rationalize the finding that agents prefer to bias their portfolios towards domestic stocks we need to show that in response to a positive domestic productivity shock, the return to domestic stocks declines relative to the return to foreign stocks, and thus that domestic stocks offer a good hedge against non-diversifiable labor income risk.
Period t returns on domestic and foreign stocks (in units of the domestic final good) are given
Using the expressions for equilibrium stock prices -P (s t ) = k(s t ) and P * (s t ) = k * (s t ) -along with the definitions for dividends, these returns can alternatively be expressed as
The difference between the aggregate returns to domestic versus foreign stocks is then
The first term in this expression captures the change in relative income from capital, and it has exactly the same flavor as the change in relative earnings: through this term, a positive domestic productivity shock will increase the relative return on domestic stocks as long as the terms of trade does not respond too strongly. However, there is also a second term in the expression for relative returns, as long as depreciation is only partial. This captures the fact that part of the return to buying a stock is the change in its price. A positive domestic productivity shock drives up the real exchange rate e(s t ) and thus drives down the relative value of undepreciated domestic capital (since final consumption and investment are perfectly substitutable in production, the relative price of capital is equal to the relative price of consumption). Whether relative returns to domestic stocks rise or fall in response to a positive productivity shock depends on whether the first or second term dominates. In the model described above, the second term dominates, meaning that when faced with a positive shock, owners of domestic stocks lose more from the ensuing devaluation of domestic capital than they gain from a higher rental rate.
We are not the first to relate portfolio choice to the pattern of co-movement between labor income and domestic and foreign stock returns. Cole (1988) , Brainard and Tobin (1992) , and Baxter and Jermann (1997) argued that in models driven entirely by productivity shocks, one should expect labor income to co-move more strongly with domestic rather than foreign stock returns, thereby indicating strong incentives to aggressively diversify. Bottazzi, Pesenti and van Wincoop (1996) argued that this prediction could be over-turned by extending models to incorporate additional sources of risk that redistribute income between capital and labor, and thereby lower the correlation between returns on human and physical capital. They suggested terms of trade shocks as a possible candidate. We have shown that in fact it is not necessary to introduce a second source of risk: the endogenous response of the terms of trade to productivity shocks is all that is required to generate 
Impulse responses
To further our understanding of how perfect risk sharing is achieved with time-invariant and homebiased portfolios, it is helpful to examine the response of macro variables to a productivity shock in this economy. In order to do so, we must first fully parameterize the model. We discuss our calibration in detail in the next section, and report parameter values in Table 1 . In the period of the shock, the relative return to domestic labor increases, and the gap between relative earnings persists through time (see panel c). The differential can persist because labor is immobile internationally. In the period of the shock, realized returns to foreign stocks exceed returns to domestic stocks, reflecting a decline in the relative value of domestic capital (panel b). After the first period, however, returns to domestic and foreign stocks are equalized. The reason for this result is simply that stocks are freely traded and thus equilibrium stock prices must adjust to equalize expected returns, up to a first-order approximation. 9 Because agents do not adjust their portfolios in response to the shock, the decline in the relative value of domestic stocks on impact means that financial wealth for home-biased domestic agents declines relative to the wealth of foreigners (panel e). This means that in the periods immediately following the shock, even though returns are equalized, the total asset income accruing to foreign agents is larger, because they hold more financial wealth in total. This additional asset income exactly offsets foreigners' lower labor income, and the relative value of consumption is equalized.
Over time, the domestic productivity shocks decays, while the real exchange rate remains above its steady state level. As a consequence, foreign labor income eventually rises above domestic labor income. But notice that now, because of capital accumulation in country 1 (panel f), domestic wealth now exceeds foreign wealth, and this compensates domestic residents for the fact that they expect relatively low earnings during the remainder of the transition back to steady state.
To summarize, from the point of view of an individual worker / investor, optimal portfolio choice can be interpreted in the usual way as depending on the covariances between non-diversifiable labor income and the returns on domestic and foreign stocks. The key feature of this environment, however, is that these covariances are endogenous and depend critically on the dynamics of investment and relative prices. An important message from the preceding analysis is that the model makes clear predictions about the signs of these covariances, and, perhaps surprisingly, returns to domestic labor and capital tend to co-move negatively, even though the model is frictionless and the only shocks are Hicks-neutral innovations to TFP.
Diversification and the trade share
When ω = 0.5, so that changes in demand fall equally on domestic and foreign intermediate goods, relative output and earnings are automatically equated across countries (∆y(s t ) = 0 in equation 31). This reflects the fact that changes in relative quantities are exactly canceled out by offsetting changes in the terms of trade, as in Cole and Obstfeld (1991) . In this case, perfect risk sharing implies a constant real exchange rate (e(s t ) = 1), so that relative stock returns are also 9 More formally, comparing the first order conditions for the domestic agent for domestic and foreign stocks we get
equated across countries (the second term in equation 37 drops out). Thus, as in Cole and
Obstfeld's endowment economy, any portfolio automatically delivers perfect insurance against country-specific risk, and the equilibrium value for λ is indeterminate.
For ω = 0.5, there is a unique equilibrium portfolio defined by equation (24) . A lower trade share (a larger value for ω) implies a lower value for diversification, (1 − λ). The intuition is as follows. For ω > 0.5, reducing the trade share implies that in response to a positive domestic productivity shock, the associated increase in domestic investment is increasingly targeted towards domestic intermediate goods. This attenuates the increase in the relative price of the (relatively scarce) foreign intermediate good, and magnifies the increase in relative domestic earnings. Thus, as the import share is reduced, non-diversifiable labor income becomes a more important risk that agents want to hedge in financial markets. This pushes agents towards more asymmetric portfolios, which continue to favor the asset (domestic stocks) whose return co-moves negatively with earnings.
Diversification and labor's share
Equation (24) indicates that the larger is labor's share, the stronger is home bias. This is the opposite of the Baxter and Jermann (1997) result, who found that introducing labor supply made observed home bias even more puzzling from a theoretical standpoint. Both results are easy to rationalize. The larger is labor's share, the larger is the increase in relative domestic earnings following a positive productivity shock, and thus the greater is the demand for assets whose return co-varies negatively with domestic output. In our economy, that asset is the foreign stock. In the Baxter and Jermann one-good world, it is the domestic stock.
Van Wincoop and Warnock (2006) emphasize a different force that can also deliver home bias in two-good models: negative covariance between the real exchange rate and the return differential between domestic and foreign stocks. If domestic stocks pay a relatively high return in states of the world in which domestic goods are expensive (i.e., the real exchange rate is low) then, since domestic residents mostly consume domestic goods, they may prefer to mostly hold domestic stocks.
Note that this effect is not the driver of home bias in our basic set-up. In fact van Wincoop and Warnock (2006) show that this mechanism generates home bias only when the coefficient of relative risk aversion exceeds one. By contrast, our model generates substantial home bias even with risk aversion equal to one. 10 The most important difference between our environment and theirs is that they abstract from labor income. In the presence of non-diversifiable labor income, portfolio choice 10 We experiment with alternative values for risk aversion in Section 4.2.
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is driven primarily by the covariance between relative excess stock returns and labor income (rather than exchange rates). We conclude that abstracting either from imperfect substitutability between traded goods (as in Baxter and Jermann) or from labor supply (as in van Wincoop and Warnock)
leads to an incomplete account of the theoretical determinants of portfolio choice.
Sensitivity Analysis
Three key assumptions are required to deliver our closed-form expression for portfolio choice: first, that the elasticity of substitution between traded intermediate goods is unity (so that the G functions are Cobb-Douglas); second, that utility is logarithmic in consumption; and third, that there is only one type of shock. We now experiment with relaxing these assumptions. The main finding from these experiments is that a strong bias toward domestic assets is a robust feature of this model: the only case in which home bias disappears is when the elasticity of substitution between domestic and foreign goods is very high, in which case portfolios resemble those in the one-good model.
In order to compute equilibrium country portfolios in a general set-up we must fully specify the remaining parameters of the model, including a stochastic process for productivity shocks. 
We then solve the model numerically, and compute average values for diversification in simulations. 11 Solving for equilibria numerically requires a non-standard numerical method, since standard linearization techniques cannot handle the consumers' portfolio problem. The numerical technique we employ is described in detail in Appendix B. 
Elasticity of substitution and risk aversion
The main message of the picture is that for commonly-used elasticities, theory predicts strong (even too strong) home bias. Notice also that increasing substitutability strengthens home bias within this range of values for σ. The logic for this result is that the more substitutable are a and b, the less relative prices change in response to shocks. This means that following a positive domestic shock, the increase in the relative value 11 Note that, in general, the share of foreign assets in wealth need not be constant. For such high elasticities, the two-good model is sufficiently close to the one-good model that its portfolio implications are similar. In particular it is optimal for the individual to hedge against shocks to relative labor income by shorting domestic assets. Thus the average portfolio displays a very strong-and counter-factual-foreign bias.
Panel (b) of figure 2 shows how diversification changes as we change the coefficient of relative risk aversion, γ. Notice that higher risk aversion leads to higher home-bias. Changing the risk aversion coefficient does not impact the two equilibrium relationships (equations 28 and 31) developed in Section 3.1. Changing γ does, however, change the pattern of co-movement between domestic and foreign consumption consistent with perfect risk-sharing. In particular, since higher risk aversion corresponds to a lower inter-temporal elasticity of substitution for consumption, γ −1 , desired consumption becomes less sensitive to changes in relative prices. Thus in choosing portfolios, agents want to ensure that their total income does not decline too much in periods when domestic productivity falls and the relative price of domestic consumption increases (e(s t ) declines).
This pushes agents further towards domestic stocks, whose relative return rises in periods when domestic productivity and earnings decline.
Preference shocks and the Backus Smith evidence
In equilibria of our benchmark model, the real exchange rate is perfectly correlated with the ratio between real domestic consumption and real foreign consumption. To see this consider the impact in the model of an increase in domestic productivity. This raises domestic relative to foreign consumption (because of efficient risk sharing and home bias in consumption) and at the same time causes a depreciation of the exchange rate (because the price of the more abundant domesticallyproduced good falls). This mechanism is actually consistent with a large body of empirical evidence which studies the response of international relative prices to productivity shocks. 12 As Backus and Smith (1993) first noted, however, for most countries the raw correlation between the real exchange rate and relative consumption is either close to zero or negative. This failure of the prototypical international business cycle model is well-known, but it raises the question of whether the model delivers realistic portfolios only at the cost of counter-factual co-movement between international relative prices and relative quantities. In this section we argue that this is not the case. In particular, we modify the basic model to make it consistent with the Backus-Smith evidence, and then show that the home bias motive remains (in fact it is strengthened).
We begin by noting that when productivity shocks are the only shocks in the model, the high conditional correlation between relative productivity and the real exchange rate mechanically translates into a high unconditional correlation between relative consumption and the exchange rate.
This suggests that one way to address the Backus-Smith evidence is to simply introduce an additional source of risk, so as to decouple conditional from unconditional correlations. In particular, we experiment with introducing taste shocks, following Stockman and Tesar (1995) , as a simple reduced-form way to model demand-side shocks. These papers use different methodologies to identify productivity shocks and find support for this mechanism in a cross section of countries. For the United States the evidence is more mixed: Corsetti, Dedola and Leduc (2006) find no evidence of this mechanism, while Basu, Fernald and Kimball (2006) find that in response to US productivity growth, the US real exchange rate depreciates strongly.
We modify the representative agent's utility functions as follows:
where the vector of taste shocks [ζ(s t ) ζ * (s t )] evolves exogenously according to a similar process to the one we assumed for productivity shocks. In particular, we assume that innovations to taste shocks are uncorrelated across countries, uncorrelated with innovations to productivity shocks, and that taste shocks and productivity shocks are equally persistent.
To understand why taste shocks lower the correlation between the real exchange rate and relative consumption, consider the effect of a positive taste shock in country 1. In response to the shock, consumers in country 1 will want to increase current consumption and this, because of the home preference bias in consumption, will raise the world demand for good a. Since productivity in country 1 (the producer of good a) is unchanged, the price of good a relative to good b will tend to rise, inducing more labor input in country 1. Thus, in equilibrium, relative consumption and relative output will increase, while the terms of trade and the real exchange rate will fall, inducing a negative conditional correlation between relative consumption and the real exchange rate. Since productivity shocks induce a positive conditional correlation, the equilibrium unconditional correlation between relative consumption and the real exchange rate will depend on the relative volatility of the two types of risk.
Panel (a) of Figure 3 shows how the correlation changes as the volatility of taste shocks is increased from 0 to 1.2 times the volatility of productivity shocks. Notice that when the volatility of taste shocks is similar to the volatility of productivity shocks, the correlation between the real exchange rate and relative consumption is close to zero, and thus consistent with the Backus-Smith 
Explaining diversification across countries and time
The main analytical result of this paper, summarized in Proposition 1, offers a prediction for the levels of international diversification we should observe across countries, and establishes a link between international diversification and the trade share. In this section, we take these predictions to the data in order to assess the extent to which our model can shed light on the patterns of international diversification that we see across countries and over time. The first issue we need to confront is that our model focuses on a world with two symmetric countries, while international diversification data are drawn from countries which are heterogenous in many dimensions, including size, level of development, and the extent of financial liberalization. One possible way to deal with this issue would be to enrich our basic model to include many heterogenous countries and to then bring such a model to the data; we view that as an interesting project, but one that is beyond the scope of this paper. 14 Here we address the issue in two ways. First, we restrict our empirical analysis to a relatively homogenous and financially liberalized group of countries: high income economies (as classified by the World Bank) over the period 1990-2004. Second, within this group, we assess whether factors omitted in the model, such as size or level of development, are important empirical factors in explaining diversification patterns.
Data
Taking the reciprocal of the expression in Proposition 1 we obtain
which is a linear relationship between the reciprocal of diversification, 1/(1 − λ), and the reciprocal of the trade share, 1/(1 − ω). Our measure of international diversification in the model, 1 − λ, is both the ratio of gross foreign assets to wealth and the ratio of gross foreign liabilities to wealth.
Thus to construct empirical measures of diversification we need data on gross foreign assets, gross foreign liabilities, and total country wealth. We obtain data on total gross foreign assets (F A) and total gross foreign liabilities (F L) from the exhaustive dataset collected by Lane and MilesiFerretti (2006) . Since ours is a general equilibrium macroeconomic model, it is appropriate to focus on broad measures of diversification. Thus our empirical measures of both F A and F L include portfolio equity investment, foreign direct investment, debt (including loans or trade credit), financial derivatives and reserve assets (excluding gold). We identify total country wealth as the value of the entire domestic capital stock plus gross foreign assets less gross foreign liabilities: compute an alternative measure of the capital stock, K M , which uses information on stock market growth to revalue the publicly-traded component of the capital stock. 15 We measure international diversification for country i in period t as
We measure the trade share for country i in period t, using national income data from the Penn World Tables 6.2 , as
The final piece of evidence we need is capital's share of income, θ. Consistently with evidence reported in Gollin (2002) we will assume θ to be constant over time and across countries at a value of 0.34.
Diversification across countries
In this section we abstract from time variation in diversification, and focus on explaining average diversification across countries. In Table 2 The row labeled "Predicted median diversification" in Table 2 reports the predicted diversification for a hypothetical country with the median value of the independent variables, based on the regressions and on the relationship implied by the model. The numbers in this row indicate that the prediction of the theory for this median economy is statistically close to the level of diversification observed in the data (for specification 1 this result could have been anticipated simply by looking at Figure 4 and noticing that the model line lies within the shaded area). Finally, the R 2 figures in the last row suggest that differences in openness to trade can alone explain between 30 and 40 percent of cross-country variation in portfolio diversification.
We conclude that the predictions of the model regarding the level of diversification and the relationship between diversification and trade are qualitatively and quantitatively helpful for understanding the cross-section of country portfolios in developed economies. Of course, a significant fraction of heterogeneity in diversification is not explained by our model, reflecting the reality that countries differ in multiple dimensions in addition to openness. For example, the fact that United
Kingdom and Luxembourg are excessively diversified from the standpoint of the theory (see Figure   4 ) is probably related to those countries' special positions as international financial centers.
Diversification over time
In this section we explore the panel dimension of our dataset to assess whether our framework can also be used to understand the evolution of international diversification in recent years. Strictly speaking, diversification does not change over time in equilibria of our baseline model. However, suppose that between period t and period t+k country i experienced an unexpected and permanent change in ω, the parameter which determines the trade share. Then equation (39) would hold in both periods, and taking differences would imply
Thus changes over time in the reciprocal of diversification for a country should be linearly related to changes over time in the reciprocal of its trade share. In order to focus on changes in the trade share in the data that are (possibly) persistent and unanticipated, we examine changes over five year intervals. 18 In Table 3 we explore whether equation (40) Columns 2, 3, 5 and 6 add controls to the basic regressions. We find it interesting that even after including growth in GDP per capita and population and (in specifications 3 and 6) country and period dummies-and thus allowing for a variety of factors to affect changes in diversification-the link between trade and diversification remains strongly significant and quantitatively similar to the link predicted by the model. Finally the row labeled "Predicted median divers. change" reports the change in diversification (as predicted by the data and by the model) for a hypothetical country whose initial diversification and whose changes in trade openness and other independent variables are equal to their respective median values in the sample. 19 Note that the data (columns 1, 2, 4 and 5) predict a sizeable increase in diversification (around 15%) for this median country, while the model, in which increased diversification stems only from increased trade, predicts a much smaller increase (around 2%).
To summarize, the data suggest that growth in trade is linked to growth in diversification, and this link is qualitatively and quantitatively consistent with the link predicted by our model. At the same time, in the context of our model, the observed growth in trade over the period 1990-2004 can only explain slightly more than ten percent of the increase in international diversification we have observed over the same period. Investigating the causes of the unexplained growth in diversification is an interesting direction for future research.
Conclusion
In this paper we have shown that standard macroeconomic theory predicts patterns for international portfolio diversification that are broadly consistent with those observed empirically in recent years.
The economic model we used to generate theoretical predictions for portfolio choice was a standard two-country two-good version of the stochastic growth model that has been widely used in business cycle research. We conclude that, from the perspective of standard macroeconomic theory, the observed bias towards domestic assets is not a puzzle. We have explored the economics underlying this result, and argued that the dynamics of investment and international relative price movements, elements which have been largely overlooked in the existing literature on portfolio choice, are central to understanding portfolio choice.
Important questions remain. In our analysis we have focussed primarily on the predictions of our model for portfolio diversification. However, it is well known that it is difficult to reconcile many features of asset prices with the predictions of stochastic general equilibrium production economies.
For example, relative to the predictions of our model, actual stock prices and real exchange rates appear excessively volatile. A general equilibrium theoretical resolution of these pricing puzzles is required to bridge the gap between the macroeconomic theory and empirical finance literatures on portfolio choice. A somewhat less ambitious task for future work is to build a multi-country version of the model which allows for multi-lateral trade in goods, and multi-lateral diversification in assets.
Such a model would lead to a better understanding of the separate roles of size and openness in understanding portfolio diversification. It would also generate richer predictions linking trading patterns to distributions of foreign assets and liabilities by country.
portfolio in the true stochastic economy.
Step 3: Starting from our guess for the steady state, simulate the model for a large number of periods using the decision rules from Step 2, and compute the average share of wealth held by domestic agents along the simulation. If this average share is different from the initial steady state share, we set the new guess for the steady state portfolio, λ 1 , equal to the average simulated share and return to Step 1. If the simulated average is equal (up to a small tolerance error) to the initial steady state λ 0 , then λ 0 constitutes a good approximation of the long run portfolio holdings and we take it as the solution to our portfolio problem.
As a test, we apply this method to our benchmark parameterization and to the one-good model of Baxter and Jermann (for both these cases we know the true portfolio solution). In both cases our algorithm converges very rapidly to the true solution, regardless of the initial guess. We also find that the portfolio adjustment costs can be set to an arbitrarily small (but positive) number, such that changing the size of these costs locally (e.g. doubling their size) does not affect the solution.
Appendix C. Data
The countries we use in our analysis in Section 6 are the high income economies (as classified by the World Bank) for which we have foreign asset position and capital stock data. This group includes the following 29 countries (the codes used in Figure 5 We denote by K B,i,t our baseline measure (in US dollars) for the capital stock in country i in period t. We construct K B,i,t by multiplying GDP in US dollars (as reported by Lane and Milesi Ferretti, 2006) by the capital-output ratio. The capital-output ratio is computed as follows: in 1989 we take it directly from Dhareshwar and Nehru (1993), who report both physical capital stock and GDP figures. After 1989 we construct the capital-output ratio in period t + 1 for country i, is the ratio between investment and GDP (both PPP adjusted, in current prices, from Penn World Tables 6.2), δ is the depreciation rate which, in the absence of better information, we set equal to 6% (this value is also used by Kraay et al. 2005 ) for all countries and for all years. Given K B,i,t , we can derive a panel for our alternative measure of capital, K M,i,t The idea behind this alternative measure is that part of the capital stock of a country is comprised of assets of firms quoted on the stock market, and thus we can measure the growth of the value of this capital simply by measuring the growth of stock prices. For the remaining (non-publicly-traded)
